Although competitive funding of public research has been characterised as providing output incentives that raise efficiency and productivity, we know very little about whether the quality of a scientist's research is in fact the primary award criterion on which funding bodies base their grant decision. This paper provides insights into scientists' strategies for obtaining project-based research funding in the presence of multiple funding opportunities. It draws a distinction between four types of grants, including the Sixth Framework Programme for Research and Technological Development (FP6), government, foundation, and industry grants. Based on a sample of more than 800 scientists at universities and public research institutes in Germany, the results indicate that scientist productivity measured in terms of publication and patent stock is a statistically significant determinant only for obtaining foundation and industry grants while the award of an FP6 or government grant are influenced by other characteristics. The results further show that the different grants are not complementary, i.e. scientists specialise in certain grants. In this respect, the analysis informs science, technology and innovation policy about potential discrepancies between policy rhetoric, stipulated award criteria, and actual funding outcomes which makes it possible to fine-tune the debate on how public research should be financed.
Introduction
In many European countries, public research has traditionally been funded through a mix of institutional ("lump sum") funding and project-based, extramural research grants (Schmoch and Schubert, 2009 ). To raise these grants, scientists at universities and public research organisations (PROs) can target a variety of funding sources, including the government, research foundations, and industry. Moreover, since the 1980s, the European Union (EU) has developed its own science, technology and innovation (STI) policy independent of the member states, which led to the creation of the Framework Programme for Research and Technological Development (FP) (Marin and Siotis, 2008) . In recent years, the share of research grants has increased significantly compared to institutional funding (Auranen and Nieminen, 2010) . The policy rationale for this development is the idea that competitive funding of public research provides output incentives, which raises efficiency and productivity compared to traditional funding mechanisms (Bolli and Somogyi, 2011) . According to aggregate data from the OECD, industry sources, for example, are financing a growing share of academic research while "core" public funding is going down.
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While this ongoing shift from fixed to more variable research funding increases competition for extramural grants, it implies that scientists need to develop funding strategies to be successful. Like all economic agents, scientists can be assumed to select those grants for which they anticipate the highest "return". In this respect, return refers to the balance between the effort involved in walking through the application process, in managing the project and coping with the administrative burden (if funding is received), and the amount of the funding itself, weighted by the probability of receiving the grant. As virtually all funding bodies claim to apply competitive, merit-based selection procedures, common sense would suggest that the probability of receiving the grant is dependent on the scientist's research productivity and quality.
Apart from anecdotal evidence, however, we know very little about whether the quality of a scientist's research is in fact the primary award criterion on which funding bodies base their grant decision. Research quality is also reflected in different output indicators, most prominently publications and patents, which might not be equally conducive to being awarded a particular grant. Moreover, prior literature is rather silent on the role that not only research characteristics but also personal, institutional and disciplinary factors play in obtaining external funding. While such funding itself might be tough to attain, scientists in many European countries are typically confronted with a bewildering variety of grants and funding instruments. Based on the assumption that scientists make rational choices for a particular grant, this paper intends to provide insights into scientists' funding strategies in the presence of multiple funding opportunities. It draws a distinction between four major types of grants: the FP at the European level, the national government, research foundations, and industry. Furthermore, the analysis not only sheds light on the choice but also on the actual scale to 1 Although the share of industry grants is still rather small, data from the OECD's Main Science and Technology Indicators show that it has been growing since 1980. (OECD, 2010). which the four types of grants contribute to the scientist's total research budget. The context chosen for this study is Germany, which is characterised by a well-developed funding infrastructure. Moreover, the overall share of project-based funding of public science in Germany has increased substantially from 14 per cent in 1995 to 18 per cent in 2000 (DFG, 2009a) , indicating a high relevance for scientists to acquire grants. The results not only enlighten our understanding of the determinants of funding outcomes but they also show -for the German context -whether scientists tend to focus on a particular type of grant or whether they choose to build their research budget from several sources. In this respect, the paper shows which grants are complementary and which of them could be considered as substitutes.
Investigating the funding strategies of scientists in public research is important for at least two reasons. First, uncovering the "true" award criteria of different types of grants makes it possible to fine-tune the debate on how competitive research funding can stimulate efficiency and productivity of the public research system. In this respect, the analysis informs STI policy on potential discrepancies between policy rhetoric, stipulated award criteria, and actual funding outcomes. Second, the analysis provides useful information for the scientists themselves regarding which type of grant promises the highest success chances, given a particular combination of research, personal, institutional, and disciplinary characteristics.
The remainder of the paper is organised as follows: Section 2 provides a review of the policy rationale and context for research funding and sheds light on the different types of grants and their characteristics. Section 3 elucidates the role research as well as other characteristics play for the choice of a particular type of grant. Section 4 describes the sample of German scientists at universities and PROs as well as the methods chosen while the results are presented in section 5. The paper concludes in section 6 with a discussion of the results as well as implications for STI policy and further research opportunities.
Background

Policy rationale
The major STI policy objective for allocating research funds on a competitive basis is to increase efficiency and productivity in public science (e.g. Bolli and Somogyi, 2011) . Although the relationship between financial incentives and the efficiency of university systems is not unambiguous (Auranen and Nieminen, 2010) , there is ample empirical evidence suggesting that the competitive allocation of grants actually has an impact on scientist behaviour and activities.
In this respect, research grants are found to increase individual productivity (Stephan, 1996; Lee and Bozeman, 2005) although this relationship is moderated by the scientist's career stage (Arora and Gambardella, 2006) and the size of the grant (Godin, 2003) . Moreover, most research grants are intended to stimulate collaborative behaviour among scientists (Defazio et al., 2009) . While funding oriented towards teams of scientists has been shown to increase collaborative behaviour (Arora et al., 1998; Adams, 2005) , the effect of collaboration on research productivity is less clear. Arora et al. (1998) find that, despite a negative effect of funding on team productivity, scientists would not have collaborated without funding. Lee and Bozeman (2005) show that funding is positively linked with collaboration and productivity even though they do not investigate the effect of funded collaboration on productivity. Evaluating these inconclusive results, Defazio et al. (2009) argue that funding cannot necessarily be regarded as productivity enhancing although it may enable scientists to further existing collaboration in ways that would otherwise be more difficult to achieve. Based on a panel of 294 scientists in collaborative projects financed through the FP, they distinguish between pre-, during-and post-funding periods and show that collaborations specifically formed to benefit from funding opportunities do not stimulate productivity in the short run but serve as effective instruments to enhance productivity in the longer run.
Although extramural research grants are hence not necessarily a universal tonic for increasing efficiency and productivity in public science, many countries have developed a diversified research funding infrastructure. Taking into account that research projects have also increasingly been commissioned by the private sector, scientists are confronted with a bewildering variety of funding opportunities. Adopting a parsimonious classification of research grants that groups similar grants together, four distinct categories of funding sources can be identified. These include the FP on the European level, the national government, research foundations, and industry. In the following, this paper focuses on the funding context for scientists in Germany. This setting is particularly interesting since Germany took the lion's share of funding in the latest FP and at the same time features a highly developed research funding infrastructure (BMBF, 2009).
The German funding context
Starting at the supra-national level, the Framework Programmes are funding programmes created by the EU to support and encourage research in the European Research Area (ERA). They are organised in funding periods with specific objectives and actions. The most recently completed FP is the Sixth Framework Programme (FP6). With a budget of almost 17 billion Euro, FP6 provided funding for R&D projects in the years 2002 to 2006. The FPs typically award grants for technology-oriented research joint ventures that comprise partners from various countries (Marin and Siotis, 2008) . FP funding is awarded subject to several conditions that the prospective consortia must meet. First, the projects need to be precompetitive to prevent conflicts with EU competition law. At the same time, however, they are expected to strengthen the competitiveness of EU firms, either through having them participate directly in projects or through deliberate knowledge and technology transfer and broad dissemination of the project outcomes. They should also demonstrate their usefulness for policy making. Second, in order to increase the chance of funding, consortia need to exhibit a fair representation of partners from "peripheral" countries, including for example the new member states from Central and Eastern Europe (Marin and Siotis, 2008) . A major drawback of participation in the FPs from the scientists' perspective has been the substantial administrative burden associated with the application for and management of projects, which has frequently been described as very costly and time consuming (Luukkonen, 2002) . Moreover, scientists have criticised the requirement to form unsuitably large consortia, particularly for the social sciences and humanities, as well as a rather narrow definition of research topics (BMBF, 2009 ).
Like its predecessors, the FP6 did not cover all areas of science and technology but instead focused on a limited number of thematic priorities in which projects were carried out. Nevertheless, the FP's scope has become broader over time, meanwhile covering a wide range of themes and funding instruments that also include the mobility of researchers (European Commission, 2002) . Similarly, the economic and political justification for the FPs has become more elaborate. While the FPs up to the FP4 declared added value through networking, cohesion and scale benefits to be a sufficient justification, the FP5 shifted the focus towards socio-economic benefits in general. The launch of the FP6 corresponded to the implementation of the European Research Area, which aims at bundling resources for research to create a system of scientific excellence that could readily compete with those of the U.S. and Japan. In order to build scale, the FP6 therefore featured larger funding instruments with the objective of bringing together the scientific elite from various countries (Marin and Siotis, 2008) . In fact, in recent years, the FPs have become a widely used instrument (Rietschel, 2009 ).
The second type of research grant analysed in this paper is the so-called R&D project support of the federal government, provided through thematic R&D programmes. Although the government offers several other institutional as well as project-based funding instruments, the R&D project funding is the most significant (BMBF, 2008) . Grants can be sought in those fields of research and technology that have been pre-defined by the different ministries. Hence, this type of project funding directs the research activities in a certain direction. The objective of the funding programmes is to facilitate a high level of research performance in selected fields. An example of this is the so-called high-tech strategy of the federal government (DFG, 2009a) . Launched in 2006 and endowed with a budget of 14.6 billion Euro for the period from 2006 to 2009, this strategy aims at creating favourable conditions for economic growth and job security in Germany. Areas targeted for the R&D project grants are health, climate and environmental protection, mobility and safety, as well as the development of future key technologies like bio-and nanotechnology. Besides these areas, R&D project funding can however also be sought in the social sciences and humanities.
About one third of the R&D project funding is awarded to the private sector while universities and PROs share the remaining part (DFG, 2009a) . Public science participates in the project grants to a varying degree, depending on the field of research. In the health research area, for example, universities benefit particularly from the funding of large research infrastructure. In contrast to this, universities benefit relatively less in engineering oriented fields of research.
The third type of research grant analysed here comprises grants sponsored by research and science foundations. The most important funding body in this category is the German Research Foundation (DFG), the main sponsor of academic research in Germany and the largest research support organisation in Europe (DFG, 2009a) . Projects sponsored are usually not application oriented but instead basic research. The foundation is organised as a selfgoverning body, and the decision committees consist of members from universities and PROs.
It provides funding to all areas of research. Grants are awarded on the basis of a competitive procedure in which applications are peer reviewed. The reviews themselves are subject to evaluation in order to make sure that the same quality criteria are applied to all grant applications. For the period from 2005 to 2007, the foundation made grant decisions totalling 5.8 billion Euro. One of the highest endowed grants is the "Leibniz Prize", which is awarded annually to ten distinguished scientists who receive "honour, prize money and idyllic freedom" (DFG, 2009b) . Due to the highly competitive selection procedure, grants awarded by the foundation convey a high reputation.
Besides the German Research Foundation there are other foundations like the Volkswagen Foundation that enjoy a high reputation equal to that of the German Research Foundation. While those foundations are typically endowed by private sponsors, the German Research Foundation receives its budget from the German federal and state governments. Although this could be considered government funding, the two sources -government and foundationscan be regarded as distinct because the award decisions are made by different bodies. Moreover, due to the governance model of the German Research Foundation, the government does not have any influence on either the selection of funding priorities or the actual grant decision. Nevertheless, the boundaries between government and foundation grants can sometimes be blurry. In the U.S. context, for example, the National Science Foundation (NSF) and the National Institutes of Health (NIH) are both U.S. government agencies. However, both agencies are largely driven by "scientific opportunities" that are communicated through broad topic announcements and funding mechanisms that attract investigator initiated proposals. Peer review is the main funding mechanism for both NSF and NIH.
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The fourth type of grants analysed in this paper are industry grants which have been shown to have increased significantly in importance (OECD, 2010) . Despite their increasing importance for public science, the lion's share of industrial research is carried out by the firms themselves. Nevertheless, the interaction between industry and science has received great attention in the literature. Knowledge produced by academia is an important ingredient of economic growth and technological progress (Jaffe, 1989; Adams, 1990) . Close links to academic research have further been shown to be beneficial for innovation performance of the individual firm (e.g. Cockburn and Henderson, 1998) . Consequently, numerous efforts have been made in order to increase industry-science linkages, including R&D tax credits for industry funding of academic research (Bozeman and Gaughan, 2007) or research and technology partnerships (e.g. Audretsch et al., 2002; Link and Scott, 2005) . Probably most important for establishing grants-related contacts between academia and industry has been a shift in the regulation of who owns the rights to intellectual property like patents that university professors have developed. In Germany, the so-called "professor's privilege" was lifted in 2002, assigning the rights to intellectual property to the scientist's employer. Other European countries adopted similar regulations but this trend was actually preceded by the enactment of the Bayh-Dole Act in the U.S. in 1980 (Mowery et al., 2001 transfer of intellectual property rights, this regulation smoothed the way for universities to engage in grants-related research.
The four types of grants, however, do not contribute equally to scientists' overall projectbased funding. Table 1 gives an overview of their respective importance for the year 2006, which marks the final year of the FP6.
----------------------- Table 1 about here
The funding amounts are differentiated between universities and PROs to illustrate the differences within German public science. The difference between the amount that university scientists and scientists at PROs received in 2006 reflects at least partly the fact that universities also employed significantly more scientific personnel than PROs (OECD, 2010) . It turns out that foundation grants constitute the most important source of funding for university researchers but the least important for PRO researchers.
3 Both university and PRO scientists acquire a significant amount of their project-based funds from industry, followed by government grants. The FP6 was relatively unimportant for university scientists but somewhat more important for PRO scientists. In this respect, the table points at the heterogeneity of public science in Germany in terms of the funding patterns. It also suggests that the institutional affiliation might be an important determinant for whether a grant is attained from a particular source.
Another characteristic of the funding pattern is that project-based research is concentrated on a few universities. From 2005 to 2007, more than 75 per cent of all grants from the German Research Foundation were awarded to only 30 out of 92 German universities (DFG, 2009a) . This concentration pattern also holds true for funding obtained from the FP6 and the government. Interestingly, it is the same group of universities that obtains most of the projectbased funding, regardless of the specific source of funding. The following section will therefore discuss several factors that might have an impact on funding outcomes.
Determinants of funding outcomes
In order to demonstrate the legitimacy of the funding allocation, a key tenet of virtually all funding processes is that outcomes should be meritocratic. For example, competitive and merit-based selection procedures have been described as a cornerstone of the FP6, and the research conducted in the thematic areas has been evaluated as being of international standard (Rietschel, 2009) . Principal investigators in FP6-funded projects have been found to excel over their peers in terms of publications and citation performance (Technopolis, 2008) . Moreover, participation in the FP is regarded as a "seal of quality" in many countries and an 3 It has to be noted though that funding data for PRO scientists regarding foundations other than the German Research Foundation are not available. The total amount of project-based funding is therefore higher than stated here.
indicator of the scientific quality of the projects and the scientists involved (Rietschel, 2009) . Some institutions like the University of Copenhagen even offer additional research money conditional upon being granted an FP project.
The strong emphasis on quality is motivated by the premise that public funds should not be wasted on less promising projects and less qualified applicants. In this context, it has been frequently recognised that academic research can be characterised by a "winner takes all" reward system in which the first to contribute a discovery in a peer-reviewed domain receives indirect and direct rewards, including citations, prizes, research grants or endowed chairs (Dasgupta and David, 1994; Sorensen and Fleming, 2004; Mudambi and Swift, 2009) . At the same time, competition for research funding has increased considerably over the past decades as most scientists are to an increasing extent dependent on the acquisition of external grants in order to conduct research (Viner et al., 2004) . Although Viner et al. (2004) find that decisions by funding agencies cannot be fully explained by a scientist's reputation for excellence, scientists typically succeed in a competitive funding allocation process because of their past performance. In this respect, past performance may have an effect on current performance because of a "cumulative advantage". Such an advantage basically reflects both past recognition and the stock of past knowledge accumulated by the scientist (Defazio et al., 2009) . In other words, past performance is associated with the level of reputation necessary to attract research funding and to clear the hurdle of peer-review.
Basically the same mechanism applies to industry grants. Academic reputation serves as a signal to potential commercialisation partners in industry (Murray, 2004) . Grimpe and Fier (2010) show that higher scientific productivity, along with other quality indicators such as tenure, increase the likelihood that academics will transfer technology or applied research results to industry, co-author papers with industry personnel, or serve as formal paid consultants to industrial firms. Besides highly-ranked publications, industry is therefore presumably also interested in any patents scientists have generated. Patents may serve as a mechanism to appropriate the returns from inventive activity and thus open up commercialisation opportunities for firms. In fact, recent studies for the U.S. and Germany show that publications and university patenting are positively linked (e.g. Agrawal and Henderson, 2002; Stephan et al., 2006; Czarnitzki et al., 2009) .
Although the quality of a scientist's research has been characterised as a main determinant of funding outcomes, personal, institutional and disciplinary characteristics have a role to play too. In this regard, the scientist's position at his or her institution might have an impact on whether the scientist considers applying for grants necessary. If the scientist is heading a research group there might be a higher need to obtain external funding in order to finance (junior) positions in the scientist's research group. Further, tenured academics are typically more experienced with grant applications, which might improve their chances of obtaining funding (Grimpe and Fier, 2010) . Moreover, experience contributes to the cumulative advantage. Highly credentialed scientists are able to maintain or even increase their productivity over time because they receive recognition and resources (Allison and Stewart, 1974) . The likelihood of being funded should therefore increase with age although this relationship might turn negative after a certain threshold when scientists approach the end of their career. Similarly, patterns of grant activity may vary according to the scientist's gender, particularly when it comes to industry support (e.g. Corley and Gaughan, 2005) .
A major characteristic of the German science system is the existence of PROs, which conduct a substantial share of research alongside the universities. Most PROs belong to one of the four large German science organisations: the Fraunhofer Society, Max Planck Society, Helmholtz Association, and Leibniz Association. The Fraunhofer Society is one of Europe's largest application-oriented research organisations and is geared towards generating income through contract research. The society acquires grants and contracts from both public and private sector sponsors. With more than 80 research units, including 60 Fraunhofer institutes, at different locations in Germany, it employs more than 18,000 scientists and engineers. The research budget totals 1.66 billion Euro, of which 1.40 billion Euro are project based funding. 4 The remaining share is contributed by the federal and state governments as institutional funding. The orientation towards applied research suggests that Fraunhofer scientists might be particularly likely to acquire industry and government funds but less likely to obtain funding from foundations, which have been described as focusing more on basic research.
The Max Planck Society describes itself as Germany's "most successful research organisation". Seventeen Nobel laureates have emerged from the ranks of its scientists, and more than 13,000 publications appear each year in internationally renowned scientific journals. The 80 Max Planck institutes with more than 16,000 scientists and other employees carry out basic research in the natural sciences, life sciences, social sciences, and the humanities. Max Planck institutes focus on research fields that are considered to be innovative or that are particularly demanding in terms of time requirements. About 80 per cent of the total budget is institutional funding from the government; the remaining share is acquired through research grants.
5 Again, both the orientation of research as well as the relative independence from project funding might suggest that Max Planck scientists tend to strive for grants from foundations rather than from industry or another source.
The Helmholtz Association comprises 17 research centres and 33,000 employees with a total budget of 3.3 billion Euro, which makes it Germany's largest scientific organisation. The research centres pursue long-term research goals in the fields of energy, earth and environment, health, key technologies, structure of matter, and aeronautics, space and transport. Centres are characterised by employing large-scale facilities and scientific infrastructure with the objective of combining theoretical basic research with technology development for innovative applications. About two thirds of the association's budget is institutional funding provided by the government while one third stems from research grants. 6 Given the institutes' research orientation, all four types of grants could potentially be of interest to Helmholtz scientists. However, due to the large share of institutional funding, the pressure to obtain research grants might not be as high as for scientists at Fraunhofer institutes.
The Leibniz Association is made up of 87 institutes that conduct application-oriented basic research and provide scientific infrastructure. With 16,800 employees, the total annual budget amounts to almost 1.4 billion Euro. In contrast to the other institutes, Leibniz institutes are characterised by a high degree of heterogeneity in terms of subjects and disciplines. Moreover, almost all Leibniz institutes are scientifically and organisationally independent, which is in stark contrast to Fraunhofer or Max Planck institutes, both of which have a central head office. Like Helmholtz institutes, research in Leibniz institutes is aimed at bridging basic and applied research. Moreover, about two thirds of the total budget is institutional funding from the government while one third stems from research grants. Most institutes have strong ties with universities, which is also reflected in the fact that many directors and leading scientists hold joint appointments as professors at neighbouring universities.
7 Again, as for Helmholtz institutes, all types of grants could potentially be relevant to scientists at Leibniz institutes but the funding structure also suggests that the institutes are not too dependent on acquiring research grants.
Further, it is essential to consider disciplinary effects on the funding outcome. Disciplinary field effects are widely acknowledged as important in a range of faculty activities (e.g. Edler et al., 2011) . This is certainly also true when it comes to scientists' funding strategies. Several funding bodies employ thematic R&D programmes that focus on certain fields of research. Scientists in those targeted fields will thus seek funding primarily from those sources. But there are also more subtle differences. Kotchen et al. (2004) , for example, analyse the outcome of grant applications to the NIH that request support for clinical research. They find that grant outcomes are slightly less favourable for applications that involve clinical research than for those that involve laboratory research.
Finally, the factors determining the funding outcome might also be political, for example in terms of favouring a particular region in which an applicant is located. An evaluation study of FP6 commissioned by the German Federal Ministry of Education and Research finds that grantees from peripheral EU countries like Greece, Portugal or the Baltic states were able to acquire significantly more research funding per patent at the European Patent Office than large EU countries like Germany, France or the U.K. Moreover, smaller EU countries were typically more effective in acquiring EU funding in relation to what they spend on public research themselves (BMBF, 2009) . These findings might serve as indications that political factors have an important role to play, too. However, as this paper is concerned with the German context only, political factors remain unconsidered in the analysis.
To sum up, although all funding agencies and industry claim to base their grant decisions on past performance, it might not only be the quality of the scientists' research that is decisive for the funding outcome. Other factors like personal, institutional and disciplinary characteristics might be relevant for explaining a scientist's choice of one source of grants over another. Following the basic logic outlined above, the other factors aside from research quality can be assumed to influence a scientist's funding strategy because they increase the probability of being awarded a grant (for example, because more grants are available in the scientist's field of research) and/or they lower the cost of applying and managing the project (for example, because PROs with a more centralised structure like Fraunhofer or Max Planck institutes dispose of central administrative support and know-how on how to apply compared to scientists at universities). The next section will thus analyse the determinants of funding outcomes while considering alternative funding schemes available in order to elucidate to what extent a scientist's research quality is decisive for the funding outcome compared to other factors.
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Empirical approach
Data
The data used in the empirical analysis are derived from a survey among German scientists that was carried out within an evaluation project of the FP6 on behalf of the German Federal Ministry of Education and Research. The survey was designed to yield an overview of university scientists' efforts to acquire research funding from several different sources. Data collection took place in 2008 and was implemented using an online questionnaire. Contacting respondents via e-mail entails the risk of outdated or misspelled e-mail addresses. Nevertheless, online surveys serve as quick and efficient instruments to reach a large number of persons.
The sampling procedure involved two major data sources. First, German university professors and academic personnel with a PhD are listed in the "Hochschullehrerverzeichnis" with their names, degrees and contact information.
8 As a substantial share of public science in Germany is performed in public research organisations, scientists at the four large German PROs -the Max Planck Society, the Fraunhofer Society, the Helmholtz Association and the Leibniz Association -holding a PhD were identified via an internet search of the institutes' websites. Combining these two data sources yielded 16,269 valid e-mail addresses. 9 We obtained 2,797 responses, a response rate on the gross sample of 17.2 per cent. Comparable surveys of academics in Germany yield a very similar response rate (e.g. Edler et al., 2011) . In a second step, data on publications of the scientists were collected through a manual search in the ISI Web of Science database. Findings were restricted to include only articles, letters, notes, proceedings papers, and reviews. Moreover, information on patent applications of the scientists was compiled from the PATSTAT worldwide patent statistical database which is published by the European Patent Office.
10 Not all scientists could be identified unambiguously in those two databases and were thus excluded. The omission of scientists with missing values in the variables of interest for this study results in a final sample of 855 observations.
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To scrutinise the representativeness of the sample, data on the distribution of scientists across scientific disciplines in the population of German public research scientists were obtained from the Federal Statistical Office. Based on the classification used by the German Research Foundation, the full-time scientific personnel was grouped into four scientific fields: natural sciences (e.g. chemistry, physics, mathematics), engineering sciences (e.g. process, chemical, or construction engineering), life sciences (e.g. medicine, biology, plant sciences), and the social sciences and humanities. Table 2 shows the distribution of scientists in Germany and the realised sample. A distinction is drawn between scientists working at a university and those working at a PRO. The PROs focus largely on the natural sciences while research in the social sciences and humanities is predominantly carried out at universities. In order to compare the population with the realised sample, both groups need to be weighted and aggregated. It turns out that the sample contains slightly more scientists working in engineering and life sciences, 1.5 and 4.9 per cent more respectively. Scientists in the natural sciences and the social sciences and humanities are slightly under-represented, 3.6 and 3.8 per cent fewer respectively. Overall, these differences are not alarming. Acknowledging the potential biases induced by the different distribution of scientists across disciplines, the sample can thus be assumed to provide a reasonable representation of scientists in Germany. Table 2 about here
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Data on patent families were retrieved. A patent family represents a single invention that could have led to patent applications at several patent offices. Although there may be differences in the technological and economic importance of patent applications, for example between the European Patent Office and national patent offices, this research primarily investigates whether scientists consider the commercialisation of their research results and not potential differences between the institutional loci of patent application.
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There are basically three reasons that may explain the difference between the number of responses and observations used in this study: a) as commonly observed in online surveys, many potential respondents logged in (and thus are counted as "response"), but did not actually answer any questions or answered only a few; b) the survey was primarily used to analyse the participation of public scientists in the FP6 as it was commissioned by the German ministry of education and research. The first part of the survey was thus dedicated to FP6, and the broader questions, including those on other grants sought, were asked in the second part. As a result, many respondents did not complete all necessary modules under consideration here. Only about 1,400 scientists filled in the whole questionnaire; c) the remaining 1,400 observations had some item non-response which, after combining them with publication and patent data, led to the final sample of 855 scientists. Because this response pattern might raise concern about the representativeness of the results, the following comparison shows that the population of scientists is well-represented in relative terms when the sample is stratified for instance by fields of study.
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In an ideal case, a non-response analysis would have used a control sample of non-respondents for whom information on gender, age, discipline and institution is available. Unfortunately, neither the register data nor the institutes' homepages reveal that information that would make it possible to perform such an analysis.
Measures
The measures for the use of grants are based on faculty responses. Scientists were asked whether they had been awarded 13 one of the four different types of research grants: the FP6, the German government, foundations, and industry. If so, they were asked to indicate the share that this particular grant contributed to their total budget that stems from grants. The time frame the scientists were asked to refer to was from 2002 to 2006, which corresponds to the duration of the FP6.
Our main explanatory variables reflect the individual scientist's research, personal and institutional characteristics as well as scientific discipline. Research characteristics are measured by the scientist's productivity, i.e. the stock of publications and patent (family) applications, both summed up until 2002 to avoid any influence that subsequent grants could have had on research productivity. As both the publication and patent stock are skewed, the variables enter the regression in logarithm (after adding 1 to avoid missing values for those scientists with no publications or patents at all). A third measure of research characteristics includes a dummy variable indicating whether a scientist is head of a research group. Personal characteristics are measured by whether the scientist is tenured (dummy), female (dummy) and by the scientist's age. Age is also included as a squared term to control for a non-linear relationship.
Institutional characteristics refer on the one hand to the size of the scientist's institution, measured as the number of colleagues who work in a similar field of research as indicated by the scientist. This variable is intended to capture the scientist's working environment and size of the peer group. Due to the skewness of the variable, it enters the regressions in logarithm (plus 1). On the other hand, universities have different institutional set-ups than PROs in Germany. The regressions thus include dummy variables for a scientist's affiliation with one of the four large science organisations (Fraunhofer Society, Max Planck Society, Helmholtz Association, Leibniz Association) and a dummy for any other institutional affiliation. University scientists are the largest group and are thus used as reference group. A small number of scientists is dually affiliated with both a university and a PRO. A separate dummy variable is thus introduced to control for such dual affiliation. Finally, the regressions control for the scientific field of the scientist (dummy variables for life sciences; chemistry, physics, mathematics, and computer sciences; engineering sciences; with social sciences and humanities being the reference category).
Model
The choice of the dependent variables is reflected by the estimation strategy. First, a multivariate probit model for the scientists' choice of the four different types of grants is estimated: the FP6, the German government, foundations, and industry. The multivariate probit model does not only explore the effects of the explanatory variables outlined above but also provides a test of the correlation of the error terms for the four types of grants conditional 13 This includes participation in a research consortium that jointly applied for a grant. on the vector of covariates (Athey and Stern, 1998; Cassiman and Veugelers, 2006) . A positive and significant correlation coefficient rho between two grants suggests that these two grants are complementary, i.e. scientists make use of both funding sources to secure their budget. If the coefficient is negative, both grants can be regarded as substitutive, i.e. scientists tend to focus on either one of the grants. The relationship between the four types of grants and their simultaneity is further explored by estimating four probit models which include those three types of grant variables as additional regressors, which are not used as dependent variables. Second, tobit models for the share of funding that stems from one of the four funding sources are estimated.
In both the probit and the tobit model there is a potential selection effect in that a scientist who did not get funding through a particular funding scheme could either have not applied for the grant at all or have been unsuccessful with her or his application. Thus, ideally a selection model is required to estimate the likelihood of filing an application for a particular grant and to yield an efficient estimate for the likelihood of being funded through a particular grant. In the following, the models are estimated without such a selection step for two reasons. First, this research is interested in the outcome -which is the likelihood of obtaining funding from a specific source -and not in the determinants of filing an application. Second, and more importantly, while the FP6 was a single programme it featured a multitude of calls during the period from 2002 to 2006 for which scientists could apply. Moreover, there is a bewildering variety of grants and funding instruments available from the three other sources of financing. An appropriate selection model would thus need to consider potential applications to all the different calls and grants available from the four sources. Nevertheless, in order to increase confidence in the results, a robustness check is performed using additional information available from the questionnaire. Scientists were asked to indicate on a Likert scale from 1 (not important at all) to 5 (very important) how important the acquisition of extramural research grants is for a continuation of their research activities. If scientists face high pressure to acquire grants (indicated by a value of 4 or 5 on the Likert scale) it can be assumed that they actually had to file a grant application during the years 2002 to 2006. Consequently, for the robustness check the sample is restricted to those scientists who indicate high pressure to acquire grants. The results will be described in the next section. Table 3 shows the descriptive statistics of the dependent as well as our main explanatory and control variables.
Results
Descriptive statistics
-----------------------Table 3 about here -----------------------
The scientists in the sample have frequently received grants from the various sources. More than half of the scientists were involved in an FP6 sponsored research project, followed by grants from foundations, the government, and industry. On average, scientists received more than one third of their funds from foundations, followed by 25 per cent from the FP6, 20 per cent from the government, and 11 per cent from industry. This indicates that foundations are by far the most important source for financing. Only 15 scientists indicated that they had not been funded by any of the four types of grants.
Regarding the explanatory variables, scientists have on average a publication stock of 37 and a patent stock of 2.4. More than 75 per cent are heads of a research group and more than 82 per cent are tenured. There are 15 per cent female scientists in the sample and the average age is 49 years. The average size of each scientist's peer group is 24, indicating a rather large number of colleagues that the respondent indicates as working in her or his scientific field. Most respondents are university scientists, followed by scientists at one of the Helmholtz or Leibniz Association research centres, at the Max Planck Society and at the Fraunhofer Society. Four per cent of the scientists have a dual affiliation with both a university and a PRO. Finally, most scientists are in the life sciences, followed by chemistry, physics, mathematics and computer sciences, engineering sciences, and social sciences and humanities. Table 4 shows pair wise correlations for the explanatory variables. As expected, it turns out that the measures for the scientist's research quality -particularly publications and patentsare moderately correlated. Both variables also exhibit a positive correlation with the scientist's age. However, there is no indication of collinearity in the data as evidenced by an average variance inflation factor (VIF) of only 1.39 (Belsley et al., 1980 ). Table 4 about here Table 5 presents the results from the multivariate probit models on having obtained a grant from the four different funding sources. Probit models are sensitive to the assumption of normality of the error distribution. Following Verbeek (2000: 187) a test statistic is calculated that is based on the Lagrange multiplier approach. The test statistic follows a Chi2 distribution with two degrees of freedom. It turns out that the assumption of normality cannot be rejected only for the probit model explaining the award of an FP6 grant. Thus, as a robustness check logit models are estimated which appear to be fully consistent with the probit results. As a consequence, only the results from the (multivariate) probit are reported. Table 5 about here
-----------------------
-----------------------
Multivariate analysis
-----------------------
The results of the logit regressions are available from the author upon request.
The results for the research characteristics variables show that the scientist's past productivity in terms of publication stock has a significant and positive effect only on the likelihood of obtaining funding from foundations. The coefficients are insignificant for all other types of grants. Patenting turns out to be positively related to foundation and industry grants. In this respect, the two main output indicators for a scientist's research activities appear to be irrelevant for obtaining grants from the FP6 or the government. Particularly for FP6 funding, this finding is in stark contrast to the initial assumption that the scientists attracted to the FP6 are among the most credentialed. With respect to industry funding, the findings are somewhat in contrast to prior research on star scientists' involvement in biotechnological research (Zucker and Darby, 1996; Zucker et al., 2002) , which indicates that particularly high publication activities qualify scientists as attractive research partners for industry. A potential reason for publications being insignificant in predicting whether scientists will obtain an industry grant is that the sample is not restricted to life scientists but instead comprises all disciplines. Being the head of a research group has a significant and positive effect on the likelihood of obtaining a grant from all four sources. Apparently, these scientists have to support and finance a group of more junior researchers. They can also be assumed to be more experienced with grant applications. Hence, their propensity to take advantage of the various types of grants should be higher. Regarding the scientist's personal characteristics it turns out that being tenured only increases the likelihood of obtaining a government grant. Neither the scientist's gender nor age have any effect at all.
Considerable differences can be observed with respect to the institutional characteristics. The size of the scientist's peer group appears to be positively related to obtaining funding from the FP6, the government, and on a 10 per cent significance level also from foundations. Hence it seems that particularly FP6 and government grants are awarded to larger groups of researchers, which might be attributable to two reasons. On the one hand, it could suggest that the types of grants offered are more appropriate for larger groups because the application might require research consortia. On the other hand, it could also suggest that FP6 and government grants are awarded on the basis of the already existing research capacity of the applicant's institution, which the grants increase by even more. When focus is turned to scientists' affiliation with a particular type of PRO, some selective effects can be identified. Scientists at the Fraunhofer Society exhibit a significantly lower propensity to be funded by foundations compared to university scientists, who constitute the reference category. As Fraunhofer scientists' work is typically highly application-oriented, this negative effect does not come as a surprise. Positive effects can instead be found for government and industry funding as all Fraunhofer institutes maintain close contacts with industry. In contrast to this, the need of scientists at the Max Planck Society's institutes to acquire external grants is limited. This is substantiated by negative and significant coefficients for government and industry grants. Scientists at Helmholtz institutes exhibit a higher likelihood to be funded by FP6 grants compared to university researchers. They have, however, a lower likelihood of receiving grants from foundations and industry. Finally, scientists at Leibniz institutes are more likely to be funded by government grants compared to university scientists.
With respect to the scientist's discipline, it turns out that working in the life sciences, chemistry/physics/mathematics, and engineering sciences increases the chances of receiving funding from the FP6 in comparison to the social sciences and humanities. This finding substantiates the fact that the FP6 held few opportunities for scientists in these disciplines. Engineering scientists also have higher chances of receiving funding from government and industry. There is however a negative effect of engineering sciences on the probability of receiving a grant from foundations. Social sciences and humanities as the reference category thus seem to be more prominent in these grant programmes.
Additionally, the multivariate probit model makes it possible to test for correlation of the error terms rho between the four equations. It turns out that there is no significant correlation of the FP6 equation's error term with the one of the government equation. There is a negative correlation with the error terms in the foundation and industry equations. Moreover, the results show significant rhos for the government grant equation and the foundation and industry grant equations. Rho is negative for foundation grants and positive for industry grants. Finally, rho is insignificant for the foundation and industry grant equations. To further explore these relationships, Table 6 shows the results of four probit models, each of which includes the three other grant dummy variables not used as dependent variables. It turns out that all results are robust. In other words, the FP6 is not found to be complementary to any of the other grant programmes but instead substitutive. Government grants are substitutive to foundation and complementary to industry grants. This finding suggests that scientists in Germany will typically not attempt to build a portfolio of different grants but instead focus on a certain type of grant. It implies that scientists specialise considerably and that they target those funding sources from which they expect the most success on the basis of their research, individual and institutional characteristics because these either increase the probability of attaining the grant or lower the cost of applying for it.
----------------------- Table 6 about here Table 7 reports the results of the tobit models for the share of the scientist's budget stemming from one of the four grants. Most of the results found in the multivariate probit model can be confirmed although less significant coefficients are observed. As in the probit case, publication productivity is a statistically significant determinant of the funding share from foundations while patenting activity is a statistically significant determinant of the funding share from industry. Both measures turn out to be irrelevant for FP6 and government funding. Moreover, being the head of a research group only influences the funding share that comes from government grants. In contrast to the probit model, the results show that being a female scientist reduces the funding share that stems from industry. The effect of the scientist's peer group size is significant and positive only for the share of funding from FP6 and government grants.
The findings for the remaining institutional and disciplinary variables turn out to be as in the probit case. Fraunhofer scientists raise a higher share of their budget from government grants or industry and a lower share from foundations. This finding confirms the effects of these scientists' application-oriented research activities. Max Planck scientists have fewer incentives to acquire research grants as evidenced by the insignificant or negative coefficients.
The FP6 seems to be a predominant source of funding for scientists from the Helmholtz institutes. They also finance their activities to a lesser extent through foundation grants. Scientists at Leibniz institutes receive a higher share of their funding from government grants but also a lower share from foundation grants. Regarding the scientific disciplines, it turns out that scientists from all disciplines except the social sciences and humanities use FP6 grants to finance their budget, confirming the results of the multivariate probit model. Moreover, as expected, engineers raise a lower share from foundations but are significantly more engaged with the government and industry.
----------------------- Table 7 about here -----------------------As outlined above, robustness checks of the results are performed using information on whether scientists perceive high pressure to acquire extramural research grants to continue their research activities. It turns out that this holds true for 88 per cent of the scientists in the sample. The results confirm the findings of the main models. 
Discussion and conclusions
This paper explores the funding strategies of public sector scientists and draws a distinction between four major groups of grants. The analysis yields several interesting results that provide insights for public policy and the scientists involved in grant application processes. First and foremost, the results show that the claim that virtually all funding processes are meritocratic and based on past scientific achievements needs qualification. Both major indicators of a scientist's research quality, publications and patents, fail to significantly determine whether an FP6 or a government grant is awarded. Both publications and patents turn out to be important for achieving a foundation grant while patents predict industry grants. This result is striking because particularly participation in an FP6 grant has been widely regarded as a "quality seal" for the researchers involved (Rietschel, 2009) . Another result of an evaluation study is that FP6 projects involved the contribution of excellent scientists, measured in terms of publications and received citations (Technopolis, 2008) . While these findings are undisputed, this study is the first to contrast participation in the FP6 with other funding opportunities available to scientists. Based on research quality in terms of publications and patents generated by the scientists, this study suggests that the FP6 actually did not succeed in attracting the scientific "A Team" (Rietschel, 2009) . Instead, publications and patents turn out to be particularly important for attaining foundation and industry grants. If it is true, as the findings here suggest, that not all funding processes are strictly meritocratic, it raises concerns as to whether FP6 and government grants in particular are suitable to increase the efficiency and productivity of public research because it might not necessarily be the best ideas and most capable scientists that win the grants.
The results of this study further suggest that other factors have an important role to play in determining the funding outcome. While personal characteristics turn out to be largely insignificant, it is especially the fact of whether a scientist heads a research group as well as institutional and disciplinary characteristics that determine the funding outcome. The former finding has implications for the incentive effects in R&D teams. Mudambi et al. (2007) , for example, study the consequences of intrinsic motivators on global innovation and find that productivity of a research team decreases if credit is disproportionately assigned to the head of the research group rather than being shared amongst team members. In this regard, the findings of this paper can be interpreted as partly off-setting the negative "team work effect" with a positive "funding effect" because having the head of the research group on the application significantly increases the probability of obtaining the grant.
The findings for the institutional characteristics indicate strong preferences of scientists from science organisations for a particular grant. The effects observed are mostly as expected from the description of the organisations. Fraunhofer scientists' work is strongly application oriented and they therefore have success primarily with industry and government grants. Max Planck scientists apparently have little pressure to acquire research grants. Helmholtz scientists have a higher likelihood of being involved in FP6 grants while Leibniz scientists are more involved in government grants. As one of the main motivations of the FPs has been to build capacity, it is not surprising that scientists at large Helmholtz institutes are particularly likely to be involved in FP6 grants. This finding is substantiated when the size of the scientist's peer group is taken into account. Larger group size is in fact a statistically significant determinant only for FP6 and government grants.
More surprising and insightful are the findings on the relationships between the four types of grants. There are indications of complementarity for government and industry grants only while all other grants can be considered as substitutes. This finding suggests that scientists specialise considerably in certain types of grants and that being able to acquire one particular grant does not necessarily mean that the scientist is better able to acquire other types of grants. This substantiates the conclusion that funding outcomes reflect meritocracy to a surprisingly limited extent and it suggests that particularly FP6 grants can be considered as more "political" than the other types of grants. In this respect, the FP6 provided funding to very different scientists who rarely make use of other funding instruments. Given that this research relies on a cross-section, little can be said, however, to what extent high-prestige grants may serve as certification in applications for subsequent grants.
The policy lesson from this research is not unambiguous. On the one hand, the European Commission has left no doubt that the FPs are intended to complement national research funding by a supra-national instrument that seeks to facilitate collaboration among excellent scientists across Europe in order to create an integrated European Research Area supporting innovation, economic growth and prosperity. If we accept this policy rationale then there is a considerable need for adjusting the FP towards becoming more meritocratic. In fact, most funding instruments within the FP have frequently been criticised for being too inflexible and pre-determined with respect to a number of features, including, for example, the size and the structure of the consortia, the thematic orientation, the application procedure, or the requirements for project management (e.g. Rietschel, 2009) . Similar adjustments are likely to be also warranted in the case of government grants.
On the other hand, this research has demonstrated that there seems to be a functional "division of labour" between the FP, government, foundation and industry grants, which cater to different profiles of scientists. As the research orientation differs among the population of scientists, it seems problematic to cut back on those grants that support more application or consulting oriented research that does not necessarily lead to publications or patents. The Fraunhofer society, for example, demonstrates that success in terms of support delivered to the German innovation system through consulting and contract research is not exclusively tied to higher publication or patent output. As a result, changing the programmes so that they become more meritocratic might actually bring about negative effects for the innovation system as a whole. Although academic research has been described as a driver of innovative activity in firms and economic growth (e.g. Jaffe, 1989) , it is also oftentimes more distant from actual application (Siegel et al., 2004) . In this regard, academic research requires higher absorptive capacity of firms to be actually of use in innovation processes (Cohen and Levinthal, 1990; Fabrizio, 2009) . Providing funding for activities that facilitate the transfer of knowledge and technology from academia to industry thus seems essential. However, a change in some of the current policy rhetoric to reflect to a greater extent the actual award criteria is warranted.
This research is not free from limitations. First, the grants were grouped under four rather broad headings, which might not adequately reflect the heterogeneity of grants and funding bodies. However, the four types group together grants that are sufficiently similar and recognisable by the scientists. Second, due to the variety of grants over the period from 2002 to 2006 it was not possible to disentangle the determinants of applying for a particular grant at all and the determinants of the funding outcome. Future research should thus try to obtain more fine-grained data in order to evaluate the importance of research quality versus other factors as determinants of an application and the actual funding outcome. Moreover, it would be interesting to analyse the persistence of funding choices over time, which would require longitudinal data. At the same time, however, award criteria could change, which would create additional challenges. 
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